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Environmental change has negatively affected most biological systems on our planet and is becom-
ing of increasing concern for the well-being and survival of many species. At an organism level,
effects encompass not only endocrine disruptions, sex-ratio changes and decreased reproductive
parameters, but also include teratogenic and genotoxic effects, immunosuppression and other
immune-system impairments that can lead directly to disease or increase the risk of acquiring dis-
ease. Living organisms will strive to maintain health by recognizing and resolving abnormal
situations, such as the presence of invading microorganisms or harmful peptides, abnormal cell
replication and deleterious mutations. However, fast-paced environmental changes may pose
additional pressure on immunocompetence and health maintenance, which may seriously impact
population viability and persistence. Here, we outline the importance of a functional immune
system for survival and examine the effects that exposure to a rapidly changing environment
might exert on immunocompetence. We then address the various levels at which anthropogenic
environmental change might affect wildlife health and identify potential deficits in reproductive par-
ameters that might arise owing to new immune challenges in the context of a rapidly changing
environment. Throughout the paper, a series of examples and case studies are used to illustrate
the impact of environmental change on wildlife health.
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1. INTRODUCTION
Our planet is currently suffering a staggering rate of
dramatic environmental change. Around the world,
ecosystems are increasingly subjected to the negative
effects of human population growth and its expanding
ecological footprint (Jackson et al. 2001; Hughes et al.
2003). Be it in the form of habitat loss or alteration,
the introduction of invasive species, pathogen spill-
over, accumulation of persistent pollutants, climate
change or stratospheric ozone depletion, global
environmental change has altered physical and biologi-
cal systems and is becoming of increasing concern for
the well-being and survival of many species (Thomas
et al. 2004; Hoffmann & Willi 2008).

Predicting the consequences of global environ-
mental change on biodiversity is a complex task
mainly because the effects encompass multiple and
complex dynamic processes that rarely have single
and clear-cut actions. Rather, the effects appear to
interact and can even have additive costs, and these
can manifest at several levels. For instance, habitat
degradation and fragmentation not only may decrease
food availability and restrict the movement of animals,
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thus impairing nutritional status and limiting gene
flow, but also may increase the opportunity for contact
among humans, domestic livestock and wildlife (Deem
et al. 2001), potentially enhancing disease transmission
rates (Smith et al. 2009). Furthermore, pollutants can
alter habitat quality, reduce nutrient availability and
encourage toxic algae blooms along coastlines (Smith
2003; Havens 2008; Paul 2008), all of which can
indirectly affect the survival of sensitive species;
furthermore, pollutants can directly impact reproduc-
tive parameters (Sonne et al. 2006, 2007), sex ratios
(Reusch & Wood 2007) and immunocompetence
(Selgrade 2007). Because of this very complexity,
environmental change is likely to seriously impair the
viability of wildlife.

It could be argued that living organisms have long
been subject to a myriad of evolutionary pressures aris-
ing from the environment (Reusch & Wood 2007) and
are consequently well adapted to respond to such
pressures. However, the current pace of environmental
change is unprecedented (Thomas et al. 2004) and it is
unknown whether the capacity of species to adapt to
such changes and counteract their harmful and
often combined effects may be exceeded. Regrettably,
published data on this subject are still extremely
limited, making it difficult to understand the full
extent of the effects of environmental change on
wildlife health.
9 This journal is q 2009 The Royal Society
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In the hope that this paper will stimulate the
research much needed for assessing wildlife health
in the context of a rapidly changing environment, we
(i) review the key role of an optimally functional
immune system for survival, (ii) examine the effects
that exposure to fast-paced change might exert on
immunocompetence, (iii) discuss the direct conse-
quences that various drivers of environmental change
can exert on health and (iv) identify some of the
levels at which these effects might impinge on repro-
ductive parameters. We conclude the paper by
proposing avenues of research that we consider to be
necessary for a more complete understanding of the
effects of environmental change on wildlife health.
2. THE IMMUNE SYSTEM AND ITS
ROLE IN SURVIVAL
All organisms are constantly exposed to a wide and
changing array of pathogens, foreign peptides, abnor-
mal cell replication and occurrence of deleterious
mutations. Under normal circumstances, organisms
will strive to maintain health by recognizing and resol-
ving abnormal situations. Responses comprise a
complex and interactive network of specific and non-
specific humoral and cell-mediated components,
broadly defined as immune responses (Tizard 2002),
which will largely depend upon opportune recognition
of the antigen, the presence and structure of antigen
cell membrane receptors, the intensity of exposure to
the antigen, a timely activation of containment and
destruction measures and, ultimately, the generation
of a specific and definitive adaptive immune response
(Nizet 2006). The optimal functioning of these
responses is known collectively as immunocompetence.

Presenting a detailed description of the components
and mechanisms of action of the immune system is well
beyond the scope of this paper, and there exist several
excellent up-to-date reviews on the immune system of
vertebrates (e.g. Borghesi & Milcarek 2007; Kvell
et al. 2007) which can be consulted to obtain a better
understanding of the immune repertoire and its mech-
anisms of action. What is of relevance here is to
underscore the importance of immunocompetence for
survival (Lochmiller 1996). This crucial role has been
demonstrated by clinical and experimental studies of
humans and laboratory animals that show that
immune-deficient or -suppressed organisms tend to
have defective wound healing (Uba et al. 2004),
higher mortality rates, shorter lifespans and develop
more severe infectious diseases and cancer (Brandau &
Gilbert 2007; Norlin et al. 2008).

While there are few studies of the relative impor-
tance of different immune effectors in terms of
wildlife survival, most likely owing to the difficulty of
controlling for all confounding factors (including vari-
ation in exposure to pathogens and nutritional
differences), research on a number of bird species
has demonstrated that even simple estimates of non-
specific immune responses can reliably predict a
large and significant amount of variation in survivor-
ship (e.g. Moller & Saino 2004; Haussmann et al.
2005), even when accounting for differences in body
condition (Hanssen et al. 2003).
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3. ENVIRONMENTAL STRESS AND IMMUNE
COMPETENCE
In order to function adequately, the immune system is
dependent on numerous regulatory interactions
between organs, in a complex set of hormone and
neuropeptide connections involving the nervous and
endocrine systems. When an organism is faced with a
stressor—broadly defined as ‘any aversive condition,
be it a predator or an aggressive conspecific, disturb-
ance to established social hierarchies, overcrowding,
an infective parasite or foreign peptide or thermal
extremes’ (Husband & Bryden 1996) that would
affect fitness if not avoided or successfully tolerated
(Martin 2009)—various body systems act together to
activate and coordinate responses. This cascade of
events involves synergistic, agonistic or antagonistic
interactions between the sympathetic adrenomedullary
system, the hypothalamic–pituitary–adrenocortical
axis and the hypothalamic–pituitary–gonadal axis
(Lawrence & Kim 2000). Although such stress
responses are essential to survival, inadequate, exces-
sive or unremitting adrenocortical and autonomic
function is detrimental for reproduction and survival
and can have dramatic effects on immunocompetence
(Leonard 2006), thereby increasing susceptibility and
vulnerability to disease (Friedman & Lawrence 2002).

There are a number of mechanisms that animals use
to counteract or mitigate negative effects of stress
responses, such as seasonal modulation of responses
(Romero 2002), acclimatization (French et al. 2008)
and reduction in HPA activity (Cyr et al. 2007).
These mechanisms should, in principle, allow individ-
uals to survive, despite environmental changes.
However, it is possible that co-occurring or unpredict-
able stressors may exceed those mechanisms (Romero
2002). The consequences of facing and dealing with
unpredictable stressors arising from erratic environ-
ments may pose additional pressures on the optimal
functioning of the immune system and ultimately
harm the health and survival of wild populations
(Martin 2009).

To fully understand the impacts of anthropogenic
environmental change on wildlife health, potential
immunosuppressive effects of chronic and unpredict-
able stressors must be taken into account.
Environmental changes have led to the emergence of
over 40 infectious diseases since 1970, such as HIV/
AIDS, Ebola and other viral haemorrhagic diseases,
new strains of cholera, ranavirus and chytrodiomycosis
in amphibians and antibiotic-resistant tuberculosis,
and this trend is predicted to increase in the future
(Aguirre & Tabor 2008; Jones et al. 2008; Smith
et al. 2009). Such a trend implies that an optimal
immune system will be essential to ensure the viability
and persistence of individuals and populations.
(a) Stress-induced immunosuppression

During periods of sustained stress, circulating levels of
glucocorticoids are known to increase owing to acti-
vation of the hypothalamic–pituitary–adrenocortical
axis (Shanks et al. 1994). These adrenal hormones
have powerful anti-inflammatory and immunosuppres-
sive properties that can modulate all steps of the
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immune response, including the maturation, selection
and proliferation of lymphocytes and the activation of
inflammatory cells (Griffin 1989). Glucocorticoids
also inhibit the production of various cytokines
(e.g. IL (Interleukin)-1, IL-6 and TNF (Tumoral
Necrosis Factor)-a) (Tait et al. 2008) and promote
downregulation of lymphocyte function, particularly
of pro-inflammatory and cellular responses (Elenkov
2004).

Various studies have measured circulating levels of
glucocorticoids in a number of wildlife species,
although few have examined the effects that the
released stress hormones can exert on immune par-
ameters (Berger et al. 2005). These studies have
shown that glucocorticoid levels can increase signifi-
cantly due to various stressors, including human
disturbances (e.g. Arlettaz et al. 2007; Schmidt et al.
2009), increased predator presence (e.g. Polednik
et al. 2008) and climate fluctuations (e.g. Hangalapura
et al. 2003; Romero et al. 2006; Shultz & Kitaysky
2008). Nonetheless, a few studies have failed to find
an association between glucocorticoid levels and
human proximity (e.g. von der Ohe et al. 2004). In
one case, it was found that animals (lizards) from
urban sites had lower baseline and stress-induced
corticosterone blood levels than those from rural
areas, suggestive of adaptive mechanisms for counter-
acting stress responses (French et al. 2008). These
conflicting results highlight the difficulty of making
generalizations concerning the role of environmental
change and stress responses. They also underscore
the need for further studies to increase our compre-
hension of potential additive effects and of the
relative importance of long term and concurrent stres-
sors on immunocompetence, health and survival of
wild populations.
(b) Pollutant-induced immunosuppression

Assessing the health risk posed by environmental
change is further complicated because, in addition to
potential alterations caused by overwhelmed responses
to unpredictable stressors, immune responses may also
be affected directly by anthropogenic drivers of
change, such as the pollutants that have greatly accu-
mulated in both terrestrial and aquatic ecosystems in
the last several decades (Boon et al. 2002; Fairbrother
et al. 2004; Noyes et al. 2009) and are currently con-
sidered a threat to a large number of species
(Schipper et al. 2008).

Even taking into account the difficulty of determin-
ing lethal exposure levels for wildlife and elucidating
the variations in species’ sensitivities to different con-
taminants (Raimondo et al. 2007), there is growing
evidence that common environmental pollutants,
such as organochlorines and heavy metals, may
impair immunocompetence and health in a wide
range of animal taxa (Selgrade 2007). This effect will
potentially increase susceptibility to infectious and
non-infectious disease. Polychlorinated biphenyls
(PCBs) are one of the contaminants that have received
much attention owing to their immunotoxic effects
(Fisk et al. 2005). Moreover, PCBs and other pollu-
tants (mainly aromatic and hydrophobic compounds)
Phil. Trans. R. Soc. B (2009)
can cause DNA strand breakage or bind covalently
to nucleotides (i.e. adduct formation) (Luch 2005).
While such genotoxic effects remain mostly unex-
plored for most wildlife taxa, studies in laboratory
animals have shown that unrepaired DNA damage
can lead to gamete loss, lethal embryonic mutations,
abnormal development and cancer (Hinton et al.
2005) and it is likely that exposed wildlife will face
similar consequences.

Among other higher vertebrates, marine mammals
appear to be particularly susceptible to persistent pol-
lutants, mainly owing to their trophic position, large
adipose reserves and long life spans (Aguilar et al.
1999). For example, high PCB concentrations in har-
bour porpoises have been related to elevated nematode
burdens (Bull et al. 2006), impaired health (Jepson
et al. 2005) and infectious disease outbreaks (Hall
et al. 2006). Moreover, there is evidence from belugas
from heavily polluted areas (Martineau et al. 1988)
that exposure to persistent contaminants can also
induce detectable DNA damage and increase the risk
of developing cancer (Martineau et al. 1994).

Associations between anthropogenic pollutants and
immunocompetence have also been reported for
amphibians and birds, where exposure to heavy
metals, pesticides (e.g. DDT and malathion) and her-
bicides has been correlated with poor immune
responses (Gilbertson et al. 2003; Snoeijs et al. 2005;
Koprivnikar et al. 2007), viral, fungal and helminth
infections (Forson & Storfer 2006; Davidson et al.
2007; Rohr et al. 2008) and mortality events (Daszak
et al. 1999). Amphibians appear to be particularly sen-
sitive to the effects of anthropogenic pollutants
(Hopkins 2007), probably owing to their intimate
association with the aquatic environment during key
life-stages (i.e. larval development and breeding) and
their permeable skin (Pessier 2002). For amphibians,
the population-level consequences of exposure to agro-
chemicals extend beyond immunosuppression and
disease risk, because these pollutants can also alter
reproductive parameters and hamper development.
For instance, the widely used agrochemical atrazine
has not only been found to reduce white blood cell
counts and phagocytic activity of the northern leopard
frog, Lithobates (formerly Rana) pipiens (Brodkin et al.
2007), but can also alter sex ratios and reduce the
testicular content of spermatids (Orton et al. 2006).
Furthermore, limb deformities and infections caused
by parasitic infectious diseases have increasingly been
associated with agrochemicals (Johnson et al. 2007).
Taken together, these observations strongly suggest
that agrochemicals are likely to impact health and repro-
ductive success of exposed populations, particularly
when in conjunction with other environmental stressors.
4. ANTHROPOGENIC DRIVERS OF
WILDLIFE DISEASE
Identifying the cause of wildlife diseases is difficult
because rarely can a single factor be identified as
responsible, a concept commonly termed the ‘epide-
miological triad’ (figure 1). In addition to immune
suppression related to exceeded stress responses and
pollutant exposure, environmental change can
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Figure 1. Epidemiological triad. Occurrence of disease
results from the interaction between host, environment and
disease-agent components (e.g. pathogen or a chemical,

UV radiation). Critical host components might be age, sex,
genetic background, nutritional and physiological status or
prior immune exposure to a pathogen. Environmental host
components include climate, interaction with other species,

densities and aggregation indexes. Each of the three com-
ponents can alter the others (e.g. a particular climate
regime may decrease food availability, thus changing the
nutritional status of an individual or may allow a pathogen
to be established in a new area or host). In the context of a

rapidly changing environment (black circle), all three com-
ponents will be subject to changes which will, in turn, alter
the epidemiological triad.
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impinge directly on wildlife health and survival and,
consequently, affect the viability of their populations
in various intricate ways (figure 2). For example, cli-
mate-related shifts in pathogen and host ranges and
pathogen spillover from humans and domestic animals
can both increase exposure to new diseases (reviewed
in Smith et al. 2009). Similarly, changes in habitat
size or quality might lead to a reduction in prey popu-
lation sizes and increased competition for resources
(Ryall & Fahrig 2006), which in turn might augment
starvation and lead to disease and/or death. Effects
will be further complicated if the genetic makeup of
the affected populations has been compromised
owing to reduced gene flow or inbreeding, as low
levels of genetic diversity tend to be correlated with
reduced fitness and lowered evolutionary potential
(Spielman et al. 2004). Furthermore, some environ-
mental stressors can directly compromise health by
inducing genotoxicity, developmental abnormalities
or systemic alterations. In this section, we present
three cases of known and potential health problems
caused by interacting factors related to anthropogenic
environmental change.

(a) Climate change, droughts, starvation

and disease

Climate change has altered physical and biological
components of the environment, causing shifts in
Phil. Trans. R. Soc. B (2009)
temperature ranges and rainfall indexes and altering
the abundance and distribution of predator and prey
species, as well as of pathogens and hosts (MacLeod
et al. 2007; Tibbetts 2007; Patz et al. 2008). Droughts
and scarcity of food associated with climate change are
regular occurrences and are expected to become more
frequent, particularly in arid and semi-arid ecosystems
(Easterling et al. 2000).

Threatened or vulnerable large mammal popu-
lations that inhabit such critical ecosystems are likely
to be severely affected by these climatic changes. For
instance, an extended period of severe drought in
Tanzania was related to unusually high mortality of
young elephants, particularly of males (Foley et al.
2008). During these extreme climatic events, poor nut-
rition (i.e. suboptimal levels of protein, vitamins and
other essential nutrients) and dehydration will lead
to depletion of fat reserves, poor body condition
(Beldomenico et al. 2008) and may decrease innate
and acquired immune responses. This will reduce
resistance to infection, which in turn can impair nutri-
ent absorption owing to altered gut permeability and
inflammation, leading to aggravation of the nutritional
status (Katona & Katona-Apte 2008) and further
decreasing the chances of survival (Matthews et al.
2006; Beldomenico et al. 2008). A classic example of
this positive feedback system is seen in humans, in
which malnutrition is the primary cause of immuno-
deficiency worldwide and which in turn is strongly
related to the prevalence of infectious diseases and
infant mortality (Katona & Katona-Apte 2008).
For wildlife, such events could have disastrous
consequences for already depleted populations.

Meeting the energetic demands placed by nutri-
tional or hydric stress in order to survive is likely to
impact upon the demands of other physiological pro-
cesses, such as immunity, growth, maintenance and
reproduction (Houston et al. 2007), even though this
resource allocation might result in decreased popu-
lation fitness. Under this assumption, animals faced
with nutritional or hydric stress will ‘take the risk’ of
investing less in reproduction or in maintaining opti-
mal immune responses because in that situation it is
more important to reduce the immediate risk of
death from starvation, malnutrition or dehydration.
This has important implications for the health of wild-
life, as a population impacted by poor nutrition or
drought will be at a higher risk of acquiring endemic
or novel infections.
(b) Urogenital cancer: a complex disease

of California sea lions

Until recently, the reported occurrence of cancer in
wildlife has been rare. Although it is likely that the
malignant tumours reported for wildlife only account
for a fraction of the real cases, the striking difference
in incidence rates (4.5% or less in captive and free-
ranging wildlife compared with 30% or less in
humans; Nagy et al. 2007) suggests that cancer is not
normally a significant health problem for wildlife.
However, exceptions to this have become apparent:
since the mid-1990s, an unusually high prevalence
(18% of all animals examined; Lipscomb et al. 2000)
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Figure 2. Potential effects of anthropogenic environmental change on wildlife health. The illustration intends to depict the
intricate and multiple ways by which changes to the environment can affect health. Regardless of the level at which the changes
occur (environmental, climatic and ecological), these will in turn alter other physical and biological processes, eventually
increasing the risk of starvation, and exposure to diseases. At an individual level, environmental changes will affect health

by weakening immune responses, impairing development and causing systemic disease or cancer.
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of epithelial-cell carcinomas of urogenital origin have
been observed in adult California sea lions, Zalophus
californianus stranded along the central California
coast (Gulland et al. 1996; Buckles et al. 2006).

The cause of the problem remains unclear although
recent studies have shown that various factors are
involved with occurrence of this type of cancer in sea
lions, including infection with a novel ottarine gamma-
herpesvirus (Buckles et al. 2006), high organochlorine
concentrations (Ylitalo et al. 2005) and endogenous sex
hormones (Colegrove et al. 2009). Genetic factors also
seem to play a role in the disease, with high levels of
inbreeding (Acevedo-Whitehouse et al. 2003) and
specific MHC alleles found to be associated with an
increased risk for cancer (Bowen et al. 2005).

The California sea lion is not an endangered species
and, regardless of its clinical severity, it is unlikely that
urogenital cancer will cause a significant health pro-
blem at a population level, particularly since the
disease affects mostly sexually mature adults (Gulland
et al. 1996; Lipscomb et al. 2000). However, the emer-
gence of this condition is an excellent example of the
intricate ways in which anthropogenic environmental
change can impact upon wildlife health.
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(c) UV radiation and health

In the past decades, there has been an increase in the
amount of harmful UV radiation that reaches the bio-
sphere. This increase has been caused by the reduction
in the stratospheric ozone layer which protects the
planet from UV radiation. UV radiation is known to
cause DNA, cellular and structural damage, which
can lead to skin cancer (Situm et al. 2008) and can
also impair cell-mediated immune responses (Marrot &
Meunier 2008). In contrast to the many studies con-
ducted in humans (reviewed in Marrot & Meunier
2008) and marine invertebrates (e.g. Hader et al.
2007; Pruski et al. 2009), there have been strikingly
few efforts to investigate the effects of UV exposure
in wildlife, and thus, increased UV radiation is rarely
taken into consideration when assessing the health of
a species or population.

One notable exception to this paucity of studies is
the research conducted in amphibians. Several empiri-
cal and experimental studies have shown that UV
radiation can be detrimental to amphibian develop-
ment (Hakkinen et al. 2001; Ankley et al. 2002),
hatching success (Blaustein et al. 1997), susceptibility
to infection (e.g. Kiesecker & Blaustein 1995;
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Kiesecker et al. 2001, but see Garcia et al. 2006) and
survival (Formicki et al. 2008). The magnitude of
the effect appears to vary between life stages (being
stronger for developing individuals; Ankley et al.
2002) and between species. For instance, while ambi-
ent exposure to UV radiation decreases hatching
success and survival in Rana arvalis, no effects were
detected in R. temporaria and Bufo bufo (Hakkinen
et al. 2001), raising the possibility that there may be
genetic differences in susceptibility and/or avoidance
behaviour between species.

The effects of UV radiation on health are particu-
larly relevant for amphibians because various other
disruptors (e.g. habitat loss, climate change, disease
emergence and eutrophication) are already associated
with the current global decline of this taxon (Sodhi
et al. 2008; Rovito et al. 2009), and it is likely that
this stressor might increase the risk by negatively
affecting the health of their populations. Other taxo-
nomic groups living in regions with high exposure to
UV radiation (e.g. the Antarctic), at high altitudes or
those lacking anatomical or behavioural adaptations
to UV exposure (e.g. marine mammals) might also
be at risk from UV damaging effects.
5. THE IMMUNE-REPRODUCTIVE LINK
In the context of a rapidly changing environment, one
further complication for wildlife health arises from the
link between the immune and reproductive systems.
One of the proposed explanations for this association
relates to resource partitioning. Under this hypothesis,
maintaining a competent immune system will incur an
energetic cost; thus, the resources required to preserve
a functional system and to mount specific immune
responses may be drawn away from other key physio-
logical processes, such as growth and reproduction
(reviewed in Norris & Evans 2000; Sheldon & Verhulst
1996). In a high-risk disease scenario, devoting
resources for reproduction might decrease future
reproductive success through the consequential effects
of low investment in immune responses (Gustafsson
et al. 1994). If the energetic demands to cover an
immune response were not met, the likely conse-
quence would be the occurrence of disease, which
might then lead to reduced host performance and
increased mortality (Hanssen et al. 2003). The
trade-off between key physiological processes works
in both directions: during times when energetic
demands are high (e.g. during reproduction)
immune function may be decreased to allow an indi-
vidual to maximize its reproductive effort, thereby
increasing the likelihood of successful survival of off-
spring (Norris & Evans 2000) but also potentially
increasing susceptibility to infection.

While the energetic trade-off hypothesis is not with-
out detractors (reviewed in Lochmiller & Deerenberg
2000), a growing number of experimental studies
have shown that increased immune activity diverts
resources from traits such as development of sexual
ornamentation (e.g. Zuk & Johnsen 2000), clutch
size (e.g. Martin et al. 2001), nestling provisioning
(e.g. Ilmonen et al. 2000) and offspring growth rates
(e.g. Fair et al. 1999). If we are to generalize from
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these observations in the context of fast-paced
environmental changes that directly and indirectly
pose additional pressures on the immune system of
wildlife species, it is likely that there will be popu-
lation-level costs in terms of reproductive parameters
and other physiological traits. As yet, this remains to
be explored fully.
6. CONCLUSIONS AND FUTURE DIRECTIONS
Ecosystems are currently undergoing rapid rates of
change, which have the potential to inflict severe
damage on the health of wildlife and humans. Reper-
cussions are not only important at an individual level
(e.g. cancer and immunosuppression), but can have
important population level implications (e.g. reduced
reproduction ¼ population decline; reduced immune
responses ¼ increased infectious disease). The increas-
ing rates of disease (both infectious and non-
infectious) in wildlife is of great concern since disease
may be an indication that populations are approaching
a state of stress which is negatively affecting immune
function, and it is unknown how close this is to the
upper limits of their tolerance. When examining the
impacts of environmental change on wildlife health,
multiple layers of complexity need to be examined
and the interactions between different factors need to
be considered. Because of the complexity of immune
responses, trade-offs between key physiological pro-
cesses, as well as the potential additive effects of
some environmental disruptors on both the immune
response and reproductive systems, this wide approach
has seldom, if ever, been used to assess potential
impacts on population health.

This is an exciting time in terms of research possibi-
lities. The abundant data and laboratory tools
developed for studies of both humans and model
organisms can be extremely useful to attempt addres-
sing key questions on wildlife health. This approach,
in addition to the use of a rigorous and ‘environmen-
tally explicit’ framework that considers all levels of
environmental change will undoubtedly allow
researchers to examine the root causes of existing
health conditions and potential future diseases for
wildlife in the context of a rapidly changing
environment.
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